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. SUMMARY
A Fortran program has been developed for rigid-aircraft gust response calculations.
Equations of motion for the aircraft dynamics are defined in the program and may be
augmented 1o include flight control systems. Input data are used to described a particular
aircraft configuration. aerodynamic data and flight conditions. The program calculates
the gust response transfer functions and combines them with gust spectra to obtain the
output response spectra. The relatively simple gust model included may be modified or
extended readily. The transfer functions may also be used to obtain time-domain responses
to discrete gusts. Examples are given showing the effects on gust response of variations in

configuration, aerodynamics and control systery\
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1. INTRODUCTION

In recent years the need has arisen at ARL from time to time for the calculation of rigid-
body gust response characteristics of aireraft configurations. Such calculations are useful. for
example, in assessing the platform stability of air vehicles in a turbulent atmosphere. Applicatn s
include comparisons between competing RPV designs and design requirements for o torget
designator. Similarly. estimates can be made for vehicle flight path dispersion or for gust [oads
on ditferent parts of the vehicle. Further, Military Specifications (e.g. Ref, 1) call for calcubation
of aircraft response to atmospheric disturbances for assessment of flving qualities.

This Note documents a general gust response program which has been developed at ARL
in order to meet such requirements. Although the program has Feen contigured to produce
response spectra due to isotropic homogeneous turbulence with a von Karman spectrum it is
readily adaptable to more complex turbulence models including cross-correlations. On the other
hand the program may simply ke used 1o provide aircraft gust response transfer functions which
may be used in calculating the response to a discrete gust. Most of the parameters describing
the aircraft contiguration. flight conditions and aerodynamics are read in as inputs thus facili-
tating comparnons between different aireraft contigurations, investigation of effects of changes
m acrody namic parameters, control system operation. ete. Although limitations exist in the range
of validity of the theory it may be assumed that its use in assessing relative trends entends over a
rather wider range.

Section 2 of this Note summarizes the background theory and treats in more detail the air-
craft and gust mathematical models including a discussion of the runge of validity implied by
the various approximations. This is followed in Section 3 by a description of the computer pro-
gram and Section 4 provides examples of its application to two widely different ehicle
configurations.

2, THEORY

The theoretical treatment in this section is derived largely from References 2 and 4. The tasic
mathematical approach is first descrited followed by a more detailed look at the two basic
components. viz. the aircraft dynamics model and the treatment of the gust input,

2.1 Mathematical Model

The aircraft response to gust input can be treated as a small disturbance problem about a
nominal trim state. Thus a lincarised set of equations provides an adequate description of the
motion. A general Laplace Transformed set of equations can ke written as follows:

A()X(s) = f(5) = B(o)gy). h

Where x(s) is the Laplace Transform of the aircraft state vector, f(s) is the Laplace Trans-
form of the acrodynamic force vector due to the gusts and the matrix A(s) relating the two con-
tains a description of the aircraft aerodynamic and inertial characteristics. The force vector,
f(s), can be derived from a representation of the gust velocity field g(s) through B(s). which is
a matrix of “gust transfer functions™. These will be treated in more detail in 2.3 below.

From Equation (1) a matrix of Transfer Functions., G(s). relating the aircraft response,
x(s). to the gust input, g(s). can be obtained:

x(5) = G(s)g(s). (2)

If x(s) is an (1 x 1) vector and g(s) is an (m x 1) vector it follows that G(s) is an (1 x m)
matrix. A substitution of iw for s (w being frequency in radians/s) yiclds the Fourier Transform




representation of the transfer function G(iw). If the response to a discrete gust is required then
this can be done directly in the frequency domain through the use of Gliw) followed by a trans-
formation back to the time domain. On the other hand. a spectral representation of the response
can be obtained immediately from the relation:

P, = G*P G 3)

Where the matrix @, is gust input power spectral density matrix (m x m) and ¥, is the out-
put power spectral density matrix (# x n). Normally the diagonal elements of @, arc of interest
and. for these, Equation (3) can be expanded as follows:

m m
Orrle) = AE' IzlG,.*k(iw)lbm,(w)(;.,(iw) (4)
where the subscripts refer to elements of the respective matrices. For the case of zero input
cross spectrit, i.c. no cross-correlations, Equation (4) can be further simplified to give

Drr(w) = ¥ Guliw) 2O g (w). (5
A 1

The integral of the output power spectrum with respect to w gives the variance of the air-
craft response about its nominal steady value. 1.e.

oty = J‘(l),p,’(tu)(/w. (3a)

where oF, is the variance of the x, component of the state vector.

2.2 Aircraft Model

The use of lincarised small disturbance equations allows the aircraft dynamics to be
decoupled into Longitudinal and Lateral response sets. thereby reducing the size of the A(s)
matrix (Egqn 1). The equations can be augmented with additional cquations describing any
flight control systems that may be present.

2.2.1 Aircraft Dynamics

The decoupled, non-dimensional. small-disturbance equations used are taken from
Reference 2. The nominal reference state is. in general, steady flight at a climb angle of y.. The
thrust vector is assumed to be at an angle xr with respect to a reference set of axes fixed in the
body. This set of reference axes is assumed to be initially aligned with the velocity vector. i.e.
stability axes.

The Longitudinal equations are in wind axes with the state vector given by:

%(5) = [AV(s). a(s). g(s). MOHHT (6)
while the tateral equations are in body axes and the state vector is:
X(s) = [B(s). p(5). r(5), H()]7. )

The A(s) matrix for each of these cases is given in Appendix 1. Note that since non-
dimensional equations are used, the Laplace Transform is with respect to non-dimensional time.
(2¥/cn. Further, for generality, the aerodynamics characteristics are written as acrodynamic
transfer functions even though in practice these are replaced by their quasi-steady approximations
in terms of aerodynamic derivatives.

Although Equations (6) and (7) list only the state variables, responses for related variables
can readily be derived. For example the variation in load factor, An(s) in g's, in response to a
vertical gust, wy say. is related to a(s) and AV(s), the incidence and airspeed responses due to the
vertical gust, respectively:

C.,

An(s) = C
[

<a(s) - wg(s)) b 2K (s). (8)

’
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Similarly, the vaw angle dis) is obtained tfrom the integral of the vaw rate riv by
(ARY. 5.s) - seo e . () i

where R is the ratio of span to mean aerodynamic chord.

2.2.2 Control Systems

The effect of automate thght control systems on the gust response aer be obtamed by
extending the state vectors, Equations (6) and (7). and the Aty matris to model the systems
present. For example the pitch or yaw damper ssstems on the Mirage TH may Fe modelled by
the following equation:

(s - Doy - Diray - Do) = Ao gty (i)

where ogs) is the damper response to pitch rate, oo A s o constant gam Gdepending on speed
and heighty and 71 720 73 are ume constants. Vhus for example. the longnudinal state vector,
Equation (63, need only be augmented by a(v) while the Aty) matrin has an additional row.
[0 00 As O s and an addional column. | Go Gro G 0007 where ity =
(78 - Inros Ty - 1.

In practice. the computer program described in Sechon 3 allows only quadratic functions
of 5 the Arsd and Bey) matrices. This s readihy accommodated by imtroducing an additional
state vartable, oy savs and replacme Equaton (10 with the tvo equations:

(78 Dimas - Dings) = o)

11y
=y [T Pavetn) Argtny ‘

The equinvalent Arsy matrin s shown in Appendin 1.

2.3 Gust Modcl

Fhis section deals with the right-hand side of Pyuation T Different levels of approsimation
for the gust input are first deseribed followed by o discussion of the gust spectra to be used. Itis
assumed throughout that the aireratt samiples a frozen gust ticld ona straight lire, ve. there s no
departure of the aireraft from rectilinear tlight,

2.3.1 Point Approximation

The gust tield is characternized by the three wirbalent velocity components wy. v and wy. In
the pomt approsvimation the variatons of these velocities over the wreraft are ignored. i.e. the
aireraft s treated effectively as a point. Consistent with the small disturbance assumptions the
gust sector, goois separated into longitudinal and fateral sets. g1 and g respectnely. Non-
dimensionalising by dividing by e and noting that i the point approvimation we I - v
and re 1, = 3, the two sets become:

g {Ug l'(-. 1u]T -
g2 - {27 ()

It follows that the B(s) matrices (kgn 1) required to relate these to acrodynamic forees are:

G Gy Gy, TG,
Gy Gy, G Ui
Bi(s) = o Basy = an
Gy (;m, (;r\,;
B 0 0 ] | O

The acrodynamic transfer functions, Gev, Gy, ete.. are usually replaced with their quasi-
steady approximations (sce Appendix 1),




2.3.2 Power Series Method

Ihis is an extension to the point approximation in that the gust teld is now represented
the gust velocitios and their tirst dernvatives, TUs sull assumed that variations i the =-direction
(normat to the theht direction) are negligible. The remaming two-dimensional veloaty tield s
expanded as a Tavlor series about the aireraft centre of grinity. and higher order terms are

neglected. e.g.
wl VoV — wpll) Clrg €A LA Cag 0 L) higher order terms. (14

For aircraft rigid-body responses Reterence 1 osuggests that it is sutficient to consider onhy
the uniform gust immersion terms u,. Cu. vy together with Trear gradient termes

(A AR m
(T oems v =y T
[0 I P T BRI ro

Further. g, o vy and ppecan be considered to Fe mutuatly independent cuncorrelated) while
corselations have 1o be accounted tor between v and ge. and Fetween vy and . Now Reference 2
notes that. of the gradient terms. py s dominant: consequently only this term s retained i the
following treatment. for simplicity,

The tongitudinal gust set thus remains the same as m Pguation (12 while the Tateral set

becomes:
g = [,j‘_.. /)._,] r (16)

where the oy gust can be thought of as corresponding to o roll rate. The equivalent Boos) matrin
ttEan (1H) becomes:

- b —
(I)‘, ’(I_\ "
b
Gy, 3(11,,
Ba(s) = (™
b
(I”,, W(l,,,,
| 0 0

2.3.3 Range of Validity

Assuming rectilinear flight at speed e and neglecting variations in the z-direction the two-
dimensional gust spectral component as experienced by the aireratt s avelocity tield of the torm

t,islll‘,{ ettt Bon I8y

which represents a time periodic velocits at any pomt (vo 1) of the sehicle. £y and €20 are reluted
to the wancelengths Ay and \eLin the v and b directions, 1.e.

s 2m . (9

The range of validity of the point and power series (or lincar field) approximations can te
stated in terms of 1y and Q.. Reference S notes that the linear ueld approxmation gives o good
representation of the gust velocity distribution over the aircraft only when ¢y and Ly are “small
enough™. i.c. when A and Ay are considerably (e.g. ten times) larger than the length and span.
respectir ey, of the aircraft.

Further. considerations from unsteady acrody namics provide limits on €y and L2 for which
the quasi-steady approximation is acceptable. Thus the following approxmate hinuts are
obtained (Refs 2, §):

Oy e < O (20

ho< 2. 2h




These are roughly compatible with the imitatuons on Ay, 4 due to the hacar field represen-
tation. mmplying 4 consistent use of quasi-steads aerody namics with the hinear ticld moder, I
general, the range of frequencies covered by such i treatment s adeguate for rigid bods motions,
appropriate to stability, gmidance and control problems. but appreciable errors cain ocour it
structural mode responses are important. For this case a more accurate actodynamic theory
should be employed and. consistent with this, a more exact speral distribution of the sust ticld
tsee, for example. Rel. 50,

2.3.4 Gust Spectra

The simplest model of turbulence assumes that above the planctars boundary daser
tappronimately 2000 £ the turbulence as sotropie and homovencous. This means that length
saatles and intensities are the same in all directions, The von Karman spectra for the turbulence

veloctties are given by (Ref. )

Pugadtyy - o 20 =0 (L B39 e 22
L T L L ¥ -1 DU IR S R S UES I ) IRRR T SRR (2%

where +ois the turbalence imtensity and £ the Tength scales taken o be 2300 10 rom Reterenee 1.
Al v eTocty Cross spectra are zero in sotropie turbutence, However, cross spectng arise even on

sotrepie turbulence st varations in velodities over the velucic are allowed isees tor evaniple.

Rett 41 These are neglected here as explaimed in Seeuon 2320 Fhe only other spectrum regured
here Is that for peognen by Reterence 1
, Cd b .
Dopdtd) - G D=t dpy (l ( _‘__'1 ’ ‘ (24

where pois the span.

Adbspectra above are single sided so that the integration mits in Tquation (Sayare from zero
oy Note that ¢4 and frequencs . ol are related by 800 = tsee Fan i18).

Adthough a simple isotropic model of turbulence bas been described. the general approach
wsed makes 1 relatnely simple to use o more complex model appropriate to, say. flight at lower

dltitides,

3. COMPUTER PROGRAM

Fhe mam program has been designed to be as flextble as possible to enable the user to alter
1t to suit the particular problem in hand. Thus the main program coneentrates on defining the
probiem parameters while the basic caleulations are achieved by calls to general purpose sub-
routines, 1t s also possible to use the program simply 1o generate transfer functions for any
system ol the form given by Equation 1. A general description of the program follows including a
~summary of the input requirements and output produced by the current gust response caleula-
tons, The program s written in Fortran and implemented on the ARL DEC System 10,

3.1 General Description

The basie structure of the main program GUSTR is shown in Figure 1. The problem
dimensions (i.e. dimension of the A matriv) and all variable dimensions used in the program
are defined at the beginning of the program in a Parameter statement. This is followed by a
block with lubelling and initialisation data required for later plotting of the results. The plot
tiles for the Calcomp plotter are prepared via the program “TRANS" described in Reference 6.

The next step, constituting the problem definition, is to specify the clements of the Afs)
and Besy matrices (Fgn (1)), Each clement of A(s) and B(y) is assumed to be a second order poly-
nomialin s, i.c.

ayg - 1S 7 Gast
2%

or
bho v s o hast,

o,




In order to define Ats), three array s of coetlicients are set np. the first to contain all the sero
order coetlicients (ao. ete.). the second to contain the tirst order coetiicients Gy, ete.yand the third
to contain the second order coeflicients (@, cted. Three two-dimensional urrass. 4007 J ).
AWy and 42007 ) are used tor this purpose such that 40¢/. ) contans the e cocthicient ol
the (2. /) element of Ags) ete. Sinular constderations apply to Bosy except that, sinee transter
tunctions are caleutated for one gust component at « ume, one dimensional arrass B0 Bl
and B2/ are requared.

bor the aireratt case the elements of the Aoy matnices have been Lsed o Appendin U oand
the equnalent Biy) matrices are given by Eguations o1 %) and (170

Having defined the system matrices the solution proceeds with o cadl to subroating
STRANSET which caleulates the pohvnomial cocthaents ot the denenunator and numieratons
of cach of the transfer functions detined by the svstem. The denonunator, or charactenstic
polvnomul roots are obtared by o ocall to subronime TPOERTT. Pohvnomial coctlivients
of any extra transter funconons reguired can be calculared at this stage. The present program
cilerhates those tor the normal aeceleration at the centre ot gras ity (Egnesnan the Longitudina
case and the vaw angle (Fgn 91 in the Lateral case,

' ~

Fhe trequencs response tunctions, G ted, are obtamed by substiuting e S0
where the non-dimensionalising nme, C2E o appears because the Laplace vartable s s
Lith respect o non-dimensional ume. The response power spectral densines then tollow
rrom b guation €5 using the spectra given i Sectten 2340 In makong these calculations use s
m de of subroutine TCPOLT which evaluates a polynomiat having comples coctiicients, "CPOLY
s appended tothe main program.

'

Compatation tme s determined argels by subrouting "TRANSET 10 Avor s o - 0 then
STRANSE T hus to evaluate 1 Drdeterminants, Thus CPE timie s propertional tooaheg: b
Fore o this amounts 1o approvimately 66 seconds on the DEC Ssstem HO increasing very
raprdy tor Larger s I Larger order systems need to ke treated. computation time can be reduced
by alfowing figher order polsnontials as clements of Ay and Bis). Thys would reguire an
alteration to subroutine " TRANSE™,

3.2 Inputs

The data requrred to detine the matrces Aooyand Beo sall depend on the partcular problem
i hand. In generdd the Lata can be divided into three groups retiated W irerall configuration,
bt condiions and aerodynamics. As an example Appendin 2 hats the set of diita required to
caleulate Tongitudinal and Tateral gust responses of tiie Miruge. The pitching and vawing moment
data are often given refative o a reference centie of gravity position and the program adjusts
these to the actual cg. The drag due to pitch damper derivative. Cr has been set to zero to avoid
a non-lincanty arising from its sign depending on the sign of o Fos inany case small, ft has also
been assumed that the reference state s one of level theght, <. 0. and that the thrust line is
praradlel to the reference axes. e, »p = O,

With the given data, the program carries out il the necessary non-dimensionalising and
auvihiars caleulations necessary to set the matrin clements. One addional prece of information
required is the thrust duce to speed dertvative, Cry. For aget powered aireratt sucl as the Mirage,
constant thrust propulsion can be assumed so that Cyp = 2O, .

Having set the elements of A(s) and B(s) and caleulated the transfer function clements,
Gk, the program only needs the turbulence length scale to define the input spectriv 0,2 (1. from
Eqns (22) (24)) and obtain the corresponding output spectra . from Eqguation (3). where a°
is the relevant gast variance.

3.3 Ouputs

The choice of output depends on the application and can be readily changed by the user.
Immediately available are the cocflicients of the Laplace form of the transfer functions, Gids).
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the charactenstic roots of the system, the real and mvigmary parts of the transfer functions as
functions of frequency, G (L), and output spectra as functions of frequency, Yy w )

tor plots of frequency response or output spectrum against trequency it s geaeradly con-
ventent to use i log scale for the abscissa because of the wide frequency range generally of
interest. In this case 1t s usetul to plot spectral density muluphed by frequency. veo L)
rather than d(Ldy), as the ordinate since the arca under such o graph s then proportonal to the
varanee (bgn (5)):

1 '

!.ll(l‘(!.h)d(logluul) = ’ Leb2nddn Ly In 10 - (1 i b daL g ydeyy g in 10
u th u

Y . .

Thus

A

gt 23 ' O logritd ) (26)
[t}

4. EXAMPLES

Ispical results are shown for two widely differing configurations m this section. The tirst
one can be thought of as a possible RPV contfiguration whife the second one refates to the
Mirage HE The uselulness of the program in assessing the eflects on gust response of changes in
¢ g posttion. control systems and acrods namic parameters is demonstrated.

Pwo zraphs are plotted for cach response variable of miterest. The upper graph plots loga
ot the square ol the frequency response and the Tower graph plots the output power spectramn the
rorm Ll o where op7 is the appropriate gust varance. Incach case the abscissios togro(th)
where L2 o b (e in 1T s here). Sinee the present program defines the mput spectra to be half
those given by Fquations (22) (24) the output variances are 4-6 tmes the area under the output
spevtra graphs (Fgn (26)),

4.1 RPV (Contiguration

Resubts shown in Figures 2 4 are for a vehicle of chord 0- 11 m (0- 36 fO) and aspect ratio
10 Qying a4t 106 m s (34811 8) at an alutude of 305 m (1000 fu, For this case different turbulence
fength scades are used for the vertical gusts (F - 305 muin o and py speetrad and the longitudinal
and lateral gusts (70 - S6lmoan we and ry spectra).

Figure 2 shows the pitch rate, g. response to vertical gust, wy. as a function of static margin,
As the c.go moves forward the static margin increases from a low vaiue of -1 to a maximum of
1-47. At the same ume the vehicle becomes much more sensitive to vertical gusts. The range of
vithdity of the caleulations (Fgn (200 1s also mdicated on Figure 2. Lguivalent results for the
pitch attitude, €, response are shown in Figure 3. The two obvious sets of peahs correspond to
the short period and Phugoid frequencies of the sehicle. For static margin of 0-1 there is very
little pitch attitude response for logguld; above 2 (.. @ above 3-48 rad ») tn contrast to a con-
siderable amount of energy between 2 < log € <0 -8 (348 < < 1100 rad s) for a static
margin of 1-47. In this latter case the arca under the curve between these limits is, very appro-
mately, 1-0 (square inches) x S < 10 7 (scake) which contributes 10 a vanance ofo,®
46 x5 x 107 2-3 < 105 (radZ(1ts D). For a gust intensity, o of 1011 this would
mean a pitch attitude response standard deviation of 0-01Srad - 087 degrees in the given
frequency range.

An example of roll rate. p. response to lateral gust, r. and gust gradient, pe. iy shown
in brgure 4. The peaks near logedy) = 2 correspond to the Dutch Roll trequency. The roll
rate gust response varancees due to ry and pe can be obtitined trom the arcas under the respectine
output spectra over the desired frequency range, as was done above with the puch atutude case.
Since it has been assumed that there is no cross correlation between the ey and py gusts the total
output varance for coll rate is given by the sum of the variances due to v and to pe.

7




4.2 Mirage 111 Contiguration

Frgures 3 8 show results for roll rate and yaw rate responses of i Mirage type configuridion
to lateral gusts. v, These are for flight at M = 0-9 at 610 m (2000 1) altitude. The turbulence
length scale has been taken us 2500 ft.

Figures 5 and 6 show the influence of dihedral effect, ¢ on the roll rate and yaw rate
responses respectivels. The Duteh Roll frequency ibout 4 rad ~). and the roll mode time
comstant Grbout 025 s1do notdepend strongly on bt the sprral mode tme constant changes
from about 400~ tor ¢ 0-015(close 1o the true saluey to a very fow 6« for () 015,
The effect on the roll response to Laterat gust is also very Large, as man be expected (hig. 3)0 but
the van rate response only changes shightly.

Finallv. the etfect of vaw damper on roll and saw rate responses is shown o Freures 7 and X,
Fhe damper s clearls effective around the Duteh Roll frequency and consequently v obo
etlectv et dimimishing the rolland yaw gust responses which are predomimantly at this frequency.
Lhe approvimate range of vahidity shownan Frgure 8 covers most of the output spectium cven
tor this case of Large chord. The range of vabidiny on 22 can be extended by o factor of 109
unsteady osallatory aerody namies are used.

Srudar plots can readih be produced For ans other variables o1 anterest including any of
the state varabies thgns (erand 170 or extra variables such as noramad acceleration, yaw angle,
vl fes Bgas oN) and (90, 1 only the responses to the gust components given by | quations
0 and ciey are considered then cross-correlations can be neglected and Fquation (3) can be
used to gnve the output spectra. The program can be quite casily evtended to include other gust
components: cross-correlations would require the use of the more general Fquation (4) for the

OutpuL spectra.

5. CONCILUSIONS

Fhis Note has deseribed o Fortran program deseloped for aireraft rigid-boady gust response
calcuhiations, The thearetical basis and s imitations have been summuarised. with a more detailed
descrpuion of the areralt and gust models and of the program organisation.

Decoupled small disturbance equations of motion have been used with provision for
addiional cquations tor amy flight control ssstems. Most Configuration. Flight Condition and
Acredsnanue Data are read incas inputs and can readidy be varied. Phe gust spectra described
are appreprate o potropic homogencous turbulence and crossscarrelations have not been
tncluded i the examples given.

Fhe munn program has been organized in a flevible form o allow casy alteration either to
the mathematical model or the gust spectra. Thus, for example. changes in flight control systems
o additton of extra output variables can be readily accommodated. Similarly. it s relativels
casy to modify the program to cater for cross-correlations in the gust inputs. The caleulation of
the gust response transfer functions is independent and separate from the evaiuauon of the
autput spectri so that it is possible to use the program simplhy to caleulate the transter functions
of any himear system,

The examples given demonstrate the usefulness of the program in assessing the effects of
variations i configuration. acrodynamics or control systems on the gust response of a given

vehiele.
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APPENDIX 1
Aircraft Dynamic Model

(1) Basic Model
The Longitudinal A(s) matrix is

| (Grvcosar Gy » 2C, sinye  2us) (Cr., Goy) 0 Cu €os ye -1

(Grysinxp + Gy - 2Cu, cos ) (Gr, - Cu, o 2us) (20 Gy Cuosin oy,

A(y) =
Uy Gy (Guyg 1,%) 0 (Al)

0 0 1 s i

The fateral Ats) matriv is

(G, 2u) Gyp Gy 2 ( Ry Cuocossn ]
ay (Grp R (Gy o (R s 0
Ado) (A
(ilI,y ((ill[l - (R)I:J‘) (Gryr (AR s) 0
| 1] i tan y. (R)s ]

The acrodynamic transfer functions. Grv, Gpy, ete.. are wswally replaced by a “guasi-

steady ™ acrody namic derivative representation, e,

Gy = Cry
Gov = Cn,y

(ln,; = (I\,g

ete,
but
Gz ~ Con, - $Cps
(1) Model with Pitch and Yaw Damper

The yaw damper equations are (Egn (1))

(T-_'T.ZS'“’ Rk SRS 1L I‘)«S(,\') = 5)(.V) (A3)
(ri7as? < (71 - 308 - Dds) = Asg(s)

The state vector becomes (Eqn (6)):

X = [AV(s). afs), g(8), AO(s), i(s), )T (A4)

with a similar extension for the lateral case (Eqn (7).




The longitudinal matrix is augmented to

Als) =
(6 x 6)

-

. 0 Gy
|
Ay(s) ' 0 Gy
4 x 4 )
| 0 (l‘ma
!
| 0 0
!
e - - - .
0 0 As 0 1 (r27gs? (r2 - 73)§ 1) 0
{
__0 0 0 0 | (1738 - (71 1 T35 - I)__

with a similar extension in the lateral case except that Gus. - Gig and -- Gm; are replaced by

Gy Gig and Gy respectively,
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(B} Flight Conditions

(C)

APPENDIX 2

Input to Gust Response Program {Mirage)

(A) Configuration Data

1. Mass. m

9

{nertias
(1) Roll. /;
(i) Pitch, [,
() Yaw, /;
(iv) Cross, I,
. Reference Area. §
. Reference Chord, ¢
. Reference Span, b
. Centre Lire Chord

. C.G. Position as ¢, of Centre Line Chord

® >

. Damper Gain (Egn (10)), K

9. Airspeed, ¥ ‘
10. Alutude, &, or Density. p

11. Turbulence Length Scale, L

Acrodvuamics - Longitudinal

. Cp,. Trim Drag

. Ciy. Drag due to speed

. Cp,. Drag due to incidence

. Cry Lift due to speed

. Cy,,. Lift due to incidence

C,. Lift due to pitch rate

. Cinp. Pitching Moment due to speed

. Cm,. Pitching Moment due to incidence

. Cm;. Pitching Moment due to rate of change of incidence
- Cm,. Pitching Moment due to pitch rate

. C, Lift due to pitch damper

. Cm;. Pitching Moment due to pitch damper

e




r—-—-——_—-———'m

(Y Acrodvnamics-- Lateral
M4y, Sideforee due to sideslip
25, €y, Sideforee due to roll rate
26. Cy,. Sideforee due to yaw rate
27. Ci,. Rolling Moment due to sideslip
28, C,. Rolling Moment due to roll rate
29. (,. Rolling Moment due to yaw rate
0. Cay Yawing Moment due to slideslip
3. Co,e Yawing Moment due to roll rate
32 Cp,. Yawing Moment due to yaw rate
33 (4, Sideforee due to yaw damper

4. (i, Rolling Moment due to yaw damper

v
N

Cu,e Yawing Moment due to yaw damper




Input data
1. Configuration
2. Flight conditions
3. Aerodynamics

Define problem
dimensions

initialise 'TRANS'
for plotting

Define A,B

matrices

Calculate transfer functions
— subroutine “TRANSF’

Calculate denominator roots
— subroutine ‘PQLRT’

Form extra transfer
functions as required

Define gust spectrum
evaluate transfer functions
and response spectra as
functions of @, (‘CPOL’)

Output results
plot using ‘TRANS'

FIG. 1 BASIC STRUCTURE OF ‘GUSTR’

.
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